We investigated whether prolonged infusion of hypertonic mannitol results in a sustained increase in coronary flow and reduces myocardial necrosis after ventriculotomy or two hours of circumflex coronary artery occlusion. Cardiac outputs, intracardiac pressures, and heart rates did not differ between mannitol and control animals. Those receiving mannitol after ventriculotomy had coronary flows to myocardium near the incision which did not differ from controls. During coronary occlusion, mannitol did increase flow to ischemic and peri-ischemic regions by one hour, but MAJOR INTEREST has developed in pharmacological methods for salvaging injured myocardium after myocardial infarction. One agent, hypertonic mannitol, has been From the
shown to increase coronary flow to acutely ischemic myocardium and to reduce infarct size after short periods of circumflex coronary artery occlusion (40 minute occlusions).'-" Mannitol also is capable of reducing electrophysiological manifestations of acute ischemic injury and of improving myocardial performance immediately following periods of ventricular fibrillation in experimental animals. In addition, hypertonic mannitol has recently been shown to increase regional myocardial blood flow in both injured and normal myocardial areas after ventriculotomy in experimental animals.8 Although all these earlier observations indicate that coronary perfusion to injured myocardium is acutely augmented by mannitol, more chronic studies are needed to determine whether prolonged infusion of mannitol results in sustained increases in regional coronary flow and a reduction in myocardial injury. Accordingly, we have investigated the capability of hypertonic mannitol to produce sustained increases in myocardial blood flow and to reduce the histological extent of myocardial necrosis following ventriculotomy and during more prolonged coronary artery occlusion in experimental animals.
Methods

Ventriculotomy Experiments
Seventeen mongrel dogs weighing between 14 and 22 kg were anesthetized with intravenous chloralose (60 mg/kg). They were ventilated by a Harvard respirator through an en-this increase was not sustained at two hours. On histologic examination, myocardial necrosis involving the right ventricular free wall in the ventriculotomy animals and the posterior papillary muscle and subadjacent free wall in the coronary occlusion animals, did not differ between the mannitol treated and control groups. The data obtained in the present study, combined with those from earlier evaluations of the influence of mannitol during ventriculotomy and myocardial ischemia, suggest that mannitol's ability to increase coronary flow to injured areas of myocardium is relatively short-lived.
dotracheal tube with 100% oxygen to maintain arterial oxygen tension during surgery. A right thoracotomy was performed through the 4th intercostal space. Fluid-filled catheters were placed into the ascending aorta via the right internal mammary artery, the main pulmonary artery or right ventricle via a small branch of the right pulmonary artery, and the left atrium via a distal pulmonary vein. Pressures in the fluid-filled catheters were measured with Statham P23Db transducers and recorded on a Beckman oscillograph. Zero reference point for the pressure transducers was mid level of the right atrium. Pacing wires were sewn into the right atrium. All catheters and wires were exteriorized at the back of the neck. Serum osmolalities were measured during each intervention by the freezing point determination method using a Precisions Systems Osmette, range of error + 3 mOsm. Hemoglobin concentrations were determined by the cyanomethemoglobin method.
In these studies pressures, cardiac outputs and myocardial blood flows were measured in open-chest anesthetized dogs before a vertical incision was made in the right ventricular free wall. The incision and suturing were done in successive short sections through the full thickness of the wall so that cardiopulmonary bypass was not required. This resulted in a continuous incision which extended from the outflow tract for an average of 3.7 cm. The incision was made parallel to the left anterior descending coronary artery with care being taken to avoid damage to any large coronary vessel. The-continuous suture was restricted to within 5 mm of the incision. After closing the ventriculotomy, blood loss was replaced and the dogs were allowed to stabilize. Fifteen minutes after closure of the ventriculotomy a second batch of microspheres was injected and pressures were recorded. The pericardiotomy was then loosely sutured and the thoracotomy closed. Approximately three hours after the ventriculotomy the animals were off the ventilator and breathing room air spontaneously. At four hours a third batch of radioactive microspheres was injected and pressures recorded. The animals were allowed to recover overnight and 24 hours after ventriculotomy the fourth batch of radioactive microspheres was injected and pressures recorded. At NECROSIS AFTER VENTRICULOTOMY AND LIGATION/Fixier, Buja, Wheeler, Willerson 48 hours the animals were killed and the tissue prepared for gamma spectrometry and pathologic examination.
Three groups of dogs were studied. Group I consisted of five control dogs that received normal saline at 7.6 ml per minute for 30 minutes, then 3.8 ml per minute for 31/2 hours after suturing the ventricular incision. The seven dogs of group II received an infusion of 25% mannitol beginning one hour prior to the ventricular incision initially at 7.6 ml per minute for 30 minutes, then 3.8 ml per minute and continuing for 4 hours after completion of the ventricular suturing. The five dogs of group III received an infusion of 25% hypertonic mannitol beginning at the completion of the ventriculotomy and continuing for the next 4 hours at the higher flow rate for the first 30 minutes.
Proximal Circumflex Coronary Artery Ligation
Thirty-six dogs were anesthetized with nembutal (30 mg/kg). An endotracheal tube was inserted and the animals were placed on a Harvard respirator. Their chests were opened through a left lateral thoracotomy and the proximal circumflex coronary artery was identified and a reversible ligature placed beneath it within 1.5 cm of its origin. Catheters were also inserted into the left atrium and the right carotid artery and the right jugular vein. Pressures and heart rate were measured using Statham P23Db pressure transducers and recorded on a Hewlett Packard four channel direct writer.
Once hemodynamic stability was achieved, control measurements of heart rate and phasic and mean systemic arterial pressures were made; a batch of radioactive microspheres then was injected into the left atrial catheter. Next, the proximal circumflex coronary artery was ligated for two hours. Thirty minutes after circumflex ligation another batch of radioactive microspheres was injected. Either hypertonic mannitol or isotonic saline was then injected into the venous catheter at 7.6 cc/minute for 15 minutes, 3.82 cc/minute for 20 minutes and 1.91 cc/minute for the remainder of the two hour period of coronary occlusion. A third measurement of coronary blood flow was made by injecting a different batch of microspheres 60 minutes after circumflex coronary artery occlusion (30 minutes after beginning either mannitol or saline). A final measurement of coronary blood flow was made by injecting the last batch of radioactive microspheres two hours after circumflex coronary occlusion. The ligation around the circumflex vessel then was released and 25 minutes of reflow followed. Saline or hypertonic mannitol administration was continued during the reflow period and then was stopped. The dog's chest was then closed and the animals were killed 24 hours later. In these experiments serum osmolality and hematocrit were measured prior to coronary occlusion, after one and two hours of circumflex occlusion and at the end of the period of reperfusion.
Myocardial Blood Flow Measurements
Regional myocardial blood flow and cardiac output were measured by infusing differently labeled batches of radioactive microspheres (400,000-600,000 per injection) into the left atrium.@ 1' Microspheres were used having a mean diameter of 9 microns labeled with "1Ce, "Sr, "Sc, 1211. The suspension fluid was counted before using each batch of microspheres to be certain no free isotope was present. The exact numbers of microspheres in the infused suspensions was determined by adding the microspheres, 8 ml of sterile 10% dextrose and saline, and two drops of Tween 20 to individual preweighed counting vials containing magnetic stirring rods. The suspension was then mixed on a magnetic stirrer and four 0.1 ml samples were removed in preweighed lengths of polyvinyl tubing while mixing continued. These catheters were placed in preweighed counting vials, weighed and counted. The mean counts per minute per gram of suspension was calculated. The microsphere suspension whose weight and radioactivity content were known was infused by air displacement into the left atrial catheter while the microspheres were kept in suspension on a stirring unit. The suspension solution was infused over 25 to 30 seconds and the left atrial catheter was flushed with 8 ml of warm sterile saline. Afterwards the entire administration unit was reweighed, and the total amount of radioactivity determined. Immediately before and during the injection, blood was withdrawn at a constant rate of 12 ml per minute using a Holter pump and collected into counting vials from the aortic (ventriculotomy studies) or a carotid (coronary occlusion studies) catheter. These reference blood samples were collected for three 30-second time periods to be sure that all the microspheres had cleared the circulation and the catheter.
In all of the animals studied, the tissue from each region and the reference blood samples were placed in glass counting vials, weighed and counted in a gamma well scintillation counter. The radioactivity emitted from each nuclide was determined by the method of Rudolph and Heymann modified by using different predetermined constants for differential spectrometry." Regional myocardial blood flow was determined from the equation: Myocardial flow = myocardial nuclide activity X reference sample flow/reference sample nuclide activity. Cardiac output was determined in the ventriculotomy dogs from the equation: Cardiac output = total nuclide activity infused X reference sample flow/reference sample nuclide activity.12
Histologic Estimation of Myocardial Necrosis
At the conclusion of each study the dog was killed and the heart removed. The atria, epicardial fat, great arteries, and large superficial coronary vessels were removed from the ventricles. The free wall of the right ventricle was cut at its junction with the ventricular septum. The free wall of the left ventricle and septum were separated at the right border of the right posterior papillary muscle posteriorly and along the left anterior descending coronary artery anteriorly. In the dogs studied by ventriculotomy, the right ventricular free wall was weighed and the length of the ventriculotomy incision measured. Full thickness strips of tissue were cut across the entire width of the right ventricular free wall perpendicular to the ventriculotomy incision at three sites: I cm from the superior edge of the incision, mid-point through the incision, and 1 cm from the inferior edge. These tissue blocks were fixed in 10% neutral formalin and processed for histology. For blood flow determinations the right ventricle was then divided into a peri-incisional region, tissue lying within 1 cm from the incision; an intermediate region, tissue lying 1-2 cm from the incision; and a distal region lying more than 2 cm from the incision. For histologic quantita-341 VOL 56, No 3, SEPTEMBER 1977 tion of the extent of necrosis, histologic sections from each block were stained with hematoxylin and eosin and, also by the periodic acid-Schiff (PAS) technique. The PAS-stained sections were placed in a photographic enlarger and negative photographic prints of the sections were prepared.5 After careful study of both the hematoxylin and eosin and PASsections the region of necrotic tissue was traced onto the photographic print. The area of necrosis and the total cross sectional area of the tissue were measured from the superior, inferior and middle tissue sections. The mean areas were then calculated from these values, and the area of necrosis expressed as a percent of the total cross sectional area. Nonnecrotic myocardium was intensely stained due to the presence of abundant glycogen deposits, whereas necrotic myocardium exhibited variable staining due to differences in neutrophil content and in intensity of diffuse diastaseresistant PAS staining of necrotic muscle cells. Changes in the PAS stained sections were correlated with classic histopathologic features of necrosis in H and E sections, namely, altered staining, cytoplasmic disorganization and disruption, and nuclear alterations of muscle cells. This pathologic evaluation was done without prior knowledge of the study group from which the tissues were obtained.
From the dogs studied with the proximal circumflex coronary artery occlusion protocol, the hearts were weighed and opened. Tissue blocks encompassing the posteromedial papillary muscle (PMPM) with adjacent free wall and the anterolateral papillary muscle (ALPM) with adjacent free wall were removed and weighed. Transmural sections through the middle of these blocks were fixed in phosphate buffered 10% formalin for subsequent histologic analysis.
For histologic quantitation of infarct size, PAS-stained sections of the PMPM with adjacent free wall were placed in a photographic enlarger and negative photographic prints prepared at the same magnification. Total areas and areas of necrosis were traced onto the photographic prints after microscopic examination of both H and E and PAS-stained slides. Percentage of necrotic myocardium in the PMPM and subjacent free wall of each block was calculated using a computer-based digitizing tablet.
The following blocks were obtained for microsphere detection from 10 of the mannitol and nine of the saline treated* hearts: 1) posterior papillary muscle; 2) its subjacent free wall; 3) anterior papillary muscle; 4) peri-infarct region (tissue located within one cm on both sides of the PMPM); and 5) right ventricle. The posterior papillary muscle was considered to be the area of most severe ischemia in this model.
Statistical analysis was performed using paired and unpaired t-tests. All values were reported as mean ± standard error of the mean. Results
Right Ventriculotomy Studies Table I shows hemic and hemodynamic values measured before (pre-cut) and after (post-cut) incision of right ventricular free wall. The pre-cut and 15 minute post-cut values were measured during general anesthesia and open thoracotomy, whereas the 4 hour and 24 hour values were measured in awake animals recovering from surgery. As described earlier, group II animals received hypertonic mannitol one hour before and 4 hours after ventricular incision, whereas group III animals received mannitol for only 33/4 hours after ventricular incision. The hemoglobin values did not change significantly postoperatively indicating that these animals had only small blood losses. The arterial blood gases measured at 4 and 24 hours with the animals spontaneously breathing room air were within normal limits suggesting that ventilatory insufficiency was not a significant factor. In general cardiac output and right ventricular systolic pressures were well maintained after right ventriculotomy. Aortic systolic and diastolic pressures tended to fall after the ventriculotomy; however, the pre-cut values with the animals anesthetized were moderately elevated. Aortic pressures recorded at 4 and 24 hours with the animals conscious were within normal limits.
Regional myocardial blood flow values are graphically displayed in figures 1-3. In all animals coronary flow to the peri-incisional region had fallen dramatically by 15 minutes after ventriculotomy. At 4 and 24 hours the group of animals which received mannitol prior to the ventricular incision had significantly lower blood flow to the peri-incisional region. Coronary blood flow to the intermediate and normal regions did not significantly fall by 15 minutes in any of the study groups but at 4 hours was significantly lower than control in the animals receiving mannitol. At 24 hours the flow to the intermediate region tended to be lowest in the animals receiving mannitol prior to the ventricular incision. However, at 24 hours coronary flows to the normal region did not differ among the three study groups.
Histologic examination of the cross sections of the right Regional myocardial blood flow values in the saline control animals of the ventriculotomy studies. Peri-incisional region represents myocardium within I cm of the ventricular incision; intermediate region represents myocardium lying I to 2 cm from the ventriculotomy incision; normal region represents right ventricular myocardium lying more than 2 cm from the ventricular incision. Height of the histograms represent mean bloodflows at the selected times noted; brackets represent one standard error of the mean.
*Subsequent microsphere counting revealed that in two of these hearts proximal circumflex coronary occlusion did not result in any decrease in coronary blood flow to the posterior papillary muscle; thus these two hearts were not considered in the subsequent statistical analysis of coronary flow. In both hearts saline administration did not result in any increase in coronary flow during the two hours of coronary occlusion. 342 CIRCULATION oL ventricular free wall revealed that myocardial necrosis did not extend beyond 1 cm from the incision site. Planimetric measurements of the area of necrosis showed that the saline control group of dogs had necrosis involving 21.1 ± 3.7 (SE) % of the right ventricular cross sectional area. In dogs receiving hypertonic mannitol the extent of myocardial necrosis did not significantly differ from that of the control animals averaging 24.6 ± 2.8% in group II animals and 18.5 ± 4.6% in group III animals. Thirty-six dogs were studied according to the protocol. Of the 17 dogs that survived 5 hours after onset of occlusion (3 hours of reflow) 12 had received mannitol and five had received saline. In dogs surviving for the two hours of proximal circumflex coronary occlusion regional coronary blood flows were measured in 19 dogs (10 given hypertonic mannitol and nine given saline); the results of these experiments are shown in figures 4 and 5. Two of the dogs receiving saline are not included in the statistical analysis of regional myocardial blood flow.
The hematocrit, osmolality, heart rate and mean systemic arterial blood pressure changes found in both the hypertonic mannitol and saline treated animals are shown in table 1. Saline did not change serum osmolality and neither saline nor mannitol significantly altered hematocrit.
Hypertonic mannitol transiently increased regional myocardial blood flow to a small extent, to the posterior papillary muscle of the left ventricle and to most periischemic and nonischemic portions of the left and right ventricles ( fig. 4 ). These transient increases in regional myocardial blood flow were noted usually to whole regions and ordinarily did not include significant specific increases to subendocardial portions of a region. The significant increases in flow were noted in these areas during the initial 30 minutes of administration of hypertonic mannitol and between 30 minutes and one hour following proximal circumflex coronary artery occlusion. Thereafter, however, regional coronary blood flow tended to fall in each area despite the continued administration of mannitol and maintenance of what we consider to be optimal osmolality elevations. Indeed, in some areas regional flows were significantly reduced by two hours of proximal circumflex coronary occlusion below the values present after 60 minutes ( fig. 4 ). Generally speaking, despite the continued administration of mannitol, regional coronary flows had returned to values comparable to those present after 30 min of circumflex occlusion in most areas and in certain nonischemic regions flows were significantly reduced below values obtained at 30 min ( fig. 4 ). The extent of myocardial necrosis after two hours of proximal circumflex coronary artery occlusion and reflow (in dogs surviving for at least 12 hours of reflow) was not significantly different in the saline and mannitol treated groups: 36 ± 7.0% (N = 12) of the posterior papillary muscle and subjacent free wall in the mannitol and 41 ± 11.7% (N = 5) in the saline treated ones.
Discussion
The present study assessed whether it is possible to maintain sustained increases in regional coronary blood flow with hypertonic mannitol following right ventriculotomy and during prolonged temporary circumflex coronary occlusion. The extent of myocardial necrosis in the two different models was also measured to determine the relationship between the duration of mannitol's protective effect and its ability to reduce myocardial damage measured histologically. Earlier studies have demonstrated a short term beneficial effect of hypertonic mannitol in increasing coronary blood flow and reducing myocardial injury with various experimental models, but the duration of administration of mannitol was always relatively short.'-8
Several mechanisms have been proposed to explain these acute effects of mannitol on ischemic tissue, including direct effects on coronary vascular smooth muscle resulting in coronary vasodilatation and decreased peripheral resistance, direct favorable influence on muscle cell viability due to retardation of cell swelling and edema, and increased coronary blood flow mediated by prevention or reduction of vascular compression due to edema.' Our studies of the pathophysiology of cardiac edema suggest that the short term beneficial effects of mannitol are mediated primarily by direct effects on cardiac muscle cells and vascular smooth muscle cells rather than by prevention of vascular compression. 13 Previously, we have demonstrated that infusion of hypertonic mannitol after ventriculotomy increased coronary flow to the peri-incisional region by an average of 34% when serum osmolality was raised by 35 to 40 mOsm. 8 In that study mannitol was infused only for a period of 30 minutes. In the present study mannitol was administered for 4 to 5 hours to determine if the increase in coronary flow initially induced by mannitol is only temporary or whether it can be sustained for several hours. Some animals were pretreated with hypertonic mannitol before ventriculotomy and others received mannitol only after ventriculotomy to determine 344 CIRCULATION I which regimen was most effective in increasing coronary flow and reducing myocardial necrosis. The right ventricular myocardial flow values at 15 minutes did not differ significantly between the study groups. By four hours after ventriculotomy neither mannitol study group showed significant augmentations in right ventricular myocardial blood flow. In fact, in the animals pretreated with mannitol coronary flow to the peri-incisional region was significantly lower than the saline controls at both 4 and 24 hours. These differences in regional coronary blood flow could be due to differences in coronary hemodynamics or myocardial oxygen demand. Table I demonstrates that at both 4 and 24 hours there were no significant differences among the three groups in mean aortic pressure and hence no significant differences in coronary perfusion pressures. With respect to hemodynamic factors which influence right ventricular myocardial oxygen demand, heart rates did not differ significantly among the three groups. Right ventricular peak pressure was statistically higher in the saline control animals and those that received mannitol after ventriculotomy when compared to the group II animals. However, based on earlier experimental data of right ventricular hypertension, it is quite unlikely that the 10 mm Hg increase of right ventricular peak pressure in the saline control animals was responsible for a two-fold increase in coronary flow to the normal regions of the right ventricle.1'4 Previous studies have shown that hypertonic mannitol increases coronary flow to normal myocardial regions in the absence of significant hemodynamic changes.8 Of primary importance is the finding in this study that following ventriculotomy, sustained hyperosmolality with hypertonic mannitol does not result in persistent augmentation of coronary flow to the areas of injured myocardium. The findings were similar in the dogs that were studied with proximal circumflex coronary artery occlusion lasting two hours. In these animals mannitol did slightly but significantly increase regional coronary blood flow to both severely ischemic and nonischemic regions of the left ventricle in the initial 30 minutes of its administration. However, continued administration did not sustain these increases in flow for the additional one hour of circumflex coronary occlusion. In fact by the second hour of coronary occlusion, coronary flow had fallen to pre-infusion values. This decrease in coronary flow was not a result of a fall in perfusion pressure since aortic pressure did not change (table 1) . Why the efficacy of mannitol to increase coronary flow is short-lived is not known, and certainly warrants further in vivo and in vitro investigation.
In the ventriculotomy studies, the saline control animal data demonstrate the temporal changes that occur in regional coronary flow after ventricular incision. In this group of animals coronary flow to myocardium lying within 1 cm of the ventricular incision fell by 34% acutely and this persisted for at least 24 hours ( fig. 1 ). It is important to point out that coronary flow to myocardium lying further than I cm away from the incision was not acutely or chronically reduced. Since coronary flow to this region had not decreased during the 24 hours one would not expect ischemic necrosis to occur. Indeed on histologic examination none of the control animals had ischemic necrosis extending beyond 0.8 cm from the ventriculotomy site; thus, myocardial necrosis was less extensive than reported by Korns and coworkers.'5 These differences may be due to the presence of myocardial hypertrophy and unfavorable postoperative hemodynamics in the clinical setting in the earlier study by Korns et al. Recently considerable attention has been directed toward pharmacologic interventions which reduce the amounts of myocardial necrosis following acute coronary occlusion. In the present study the area of necrosis following ventriculotomy was limited to the region having reduced coronary flow. Although the pathological changes probably result from physical trauma as well as reduction in coronary perfusion, many features resemble those seen following myocardial infarction. Drug intervention to salvage injured myocardial tissue would appear to be particularly applicable to ventriculotomy since therapy can be given either before or after the acute injury. The success of such therapy naturally depends upon the presence of cells which are reversibly injured. Histologic quantitation of the area of myocardial necrosis around the ventricular incision in the ventriculotomy animals revealed that infusion of hypertonic mannitol before and/or after ventriculotomy did not significantly reduce the area of necrosis. The saline control dogs had necrosis involving 21.1% of the right ventricular cross sectional area compared to 24.6% in group II and 18.5% in group III animals. Similarly hypertonic mannitol did not significantly reduce the extent of myocardial necrosis in the dogs with two hours of circumflex coronary occlusion followed by reflow. In these animals reflow itself could have resulted in extensive myocardial damage, but it should be noted that using the same model hypertonic mannitol did reduce myocardial necrosis in previous expeiriments when the period of proximal circumflex coronary occlusion was limited to 40 minutes and followed by reflow.2 It is possible that two hours of total occlusion of the circumflex coronary artery produced such severe ischemia that some of the lesions were irreversibly damaged and not salvageable no matter what interventions were used.
In summary then, the data indicated that the protective effect of hypertonic mannitol to reduce myocardial injury and increase coronary blood flow after ventriculotomy and coronary occlusion is a relatively short lived one. The present study combined with earlier ones'-" suggest the duration of coronary flow augmentation is approximately one hour and further administration of mannitol does not result in sustained increase in coronary blood flow after ventriculotomy or acute coronary occlusion. Although the present drug therapy was unsuccessful in reducing myocardial necrosis, the concept of salvaging viable but injured myocardium after ventricular incision warrants further investigation. Also it would appear that the logical place to further evaluate mannitol's ability to reduce myocardial injury after coronary occlusion would be in situations in which the need for myocardial protection is relatively short and in which coronary flow is being surgically improved, such as with coronary artery revascularization procedures. SUMMARY The long-term efficacy of the new oral vasodilator, prazosin (PZ), was evaluated in nine patients with refractory heart failure due to chronic coronary heart disease. Ventricular function was assessed by cardiac catheterization, echocardiography, and treadmill testing; symptomatic evaluation was carried out for two to four months. One hour following 2-7 mg PZ, control left ventricular filling pressure was reduced (32 to 18 mm Hg, P < 0.001) and car- graphic end-diastolic dimension fell (5.7 to 5.4 cm, P < 0.001) while shortening fraction increased (27.6 to 30.2%, P < 0.005). Treadmill exercise duration increased from 209 to 317 seconds (P < 0.001). Symptoms diminished throughout the duration of follow-up (mean 94 days) with improvement in NYHA functional class (3.7 to 2.2, P < 0.001). Thus, prazosin possesses sustained nitroprusside-like balanced dilator actions on the systemic arterial and venous systems and is effective in the ambulatory management of chronic severe heart failure.
Efficacy of Ambulatory Systemic Vasodilator
agent are related to its equal relaxation of the vascular smooth muscle of both the peripheral resistance and the capacitance vessels.23 As the result of this balanced dilator action on the systemic venous and arterial beds, ventricular preload reduction is accompanied by decline in aortic impedance, thereby leading to relief of pulmonary congestion simultaneously with enhancement of cardiac output. However, attempts to continue the benefits of such balanced ventricular unloading therapy in ambulatory patients with chronic heart failure have been difficult because of the lack of an oral vasodilator drug with both arteriolar and venous relaxing properties. Thus the nitrates, which principally cause venodilation, are capable of reducing ventricular preload and pulmonary congestion3' 13, 14, 16, 19, [23] [24] [25] [26] 
